The androgen deprivation therapy (ADT) to systematically suppress/reduce androgens binding to the androgen receptor (AR) has been the standard therapy for prostate cancer (PCa); yet, most of ADT eventually fails leading to the recurrence of castration resistant PCa. Here, we found that the PCa patients who received ADT had increased PCa stem/progenitor cell population. The addition of the anti-androgen, Casodex w , or AR-siRNA in various PCa cells led to increased stem/progenitor cells, whereas, in contrast, the addition of functional AR led to decreased stem/progenitor cell population but increased non-stem/progenitor cell population, suggesting that AR functions differentially in PCa stem/progenitor vs. non-stem/progenitor cells. Therefore, the current ADT might result in an undesired expansion of PCa stem/progenitor cell population, which explains why this therapy fails. Using various human PCa cell lines and three different mouse models, we concluded that targeting PCa non-stem/progenitor cells with AR degradation enhancer ASC-J9 w and targeting PCa stem/progenitor cells with 5-azathioprine and g-tocotrienol resulted in a significant suppression of the tumors at the castration resistant stage. This suggests that a combinational therapy that simultaneously targets both stem/progenitor and non-stem/progenitor cells will lead to better therapeutic efficacy and may become a new therapy to battle the PCa before and after castration resistant stages.
Introduction
The prostate cancer (PCa) microenvironment contains heterogeneous cells that may contribute differentially to PCa progression at either early initiation or later metastasis (Josson et al., 2010; Karlou et al., 2010; Zhang et al., 2010) . The detailed mechanisms how each cell population contributes to PCa progression, especially at later castration resistant stage, remain unclear.
In general, cancer stem cells have been well-documented to play important roles in tumor initiation and metastasis (Mueller et al., 2010; Rasheed et al., 2011) and earlier reports found that prostate tumors also contained stem/progenitor cells that might play essential roles in prostate tumorigenicity and metastasis (Maitland and Collins, 2008; Klarmann et al., 2009; Pfeiffer and Schalken, 2010; Li and Tang, 2011) . However, whether these PCa stem/progenitor cells also play important roles to influence androgen deprivation therapy (ADT)-treated PCa during transition into the castration resistant stage remains unclear.
It and finally into well differentiated luminal epithelial cells (CD133 2 , integrin report indicated that the PCa stem/progenitor cells could also originate from luminal epithelial cells and then differentiate into basal epithelial cells (Wang et al., 2009) . Here, we found that androgen receptor (AR) played opposite roles in PCa stem/progenitor vs. non-stem/progenitor cells and that castration/ADT promoted PCa stem/progenitor cell expansion. Simultaneously, targeting AR opposing signals/roles in these two types of cells resulted in a significant suppression of PCa progression before and after castration resistant stages.
Results

ADT increases PCa stem/progenitor cell population
As AR is expressed differentially in PCa stem/progenitor cells vs. non-stem/progenitor cells, we were interested in testing if the sensitivity/response to ADT treatment could also be different in these two cell populations. To test in vitro ADT effects, we used Casodex w , the currently used anti-androgen, and we found that 1 mM Casodex could suppress LNCaP-CD133 2 non-stem/progenitor cell growth but increase LNCaP-CD133 + stem/progenitor cell population ( Figure 1Aa ; gradual time-dependent increase in the CD133 + stem/progenitor cells is shown in Supplementary Figure S1A ). The increase in CD133 protein expression upon Casodex w treatment was also observed (Figure 1Ab ). In addition, we observed a similar, although less pronounced, increase in C4-2-CD133
+ stem/progenitor cells upon Casodex w treatment (Supplementary Figure S1B) .
We then confirmed the above in vitro cell line data with in vivo mouse PCa studies. Mice were first orthotopically inoculated with LNCaP or C4-2 cells, castrated, and then sacrificed at 10, 20, and 30 days. As shown in Figure 1B , a significant increase in the expressions of the stem/progenitor cell markers, CD133 and integrin, was detected in xenografted tissues from the after castration and stained with antibodies of CD133, integrin, CK5, and CK8. Quantitation is shown below the staining data (magnification, ×100; inset, ×400). (C) Human tumor tissues studies. IHC of tumor tissues with antibodies of CD133, CD44, CK5, integrin, and CK8. Human tissues were obtained from Tohoku University Hospital, Sendai, Japan, and Chang Gung Memorial Hospital, Linkou, from the same patients, before and after ADT (magnification, ×100; inset, ×400). **P , 0.01. castrated mice when compared with the sham controls ( Figure 1Ba for LNCaP xenografts and Figure 1Bb for C4-2 xenografts). We also observed the increase in CK5 + cells, but the decrease in CK8 + cells (Figure 1Ba and b), in those xenografted tissues from the castrated mice when compared with the control mice. This increase in CK5 + cells was maximal at 20 days after castration. Importantly, we also examined stem/progenitor population changes in PCa tissues from the same patients before the ADT and after ADT when castration resistant PCa developed. A total of seven sets of paired PCa tissues were examined with antibodies of the stem/progenitor markers, such as CD133 and CD44, and cell-type markers, CK5 and CK8. The significant increase in CD133
+ , CD44 + , and CK5 + cells, but the decrease in CK8 + cells, was detected after the ADT in all seven sets of human tissues examined ( Figure 1C , only one set of data is shown, and six sets of data are shown in Supplementary Figure  S1C -F), indicating the increase in the stem/progenitor cells of the basal epithelial origin, but the decrease in the differentiated luminal epithelial cells in human castration resistant PCa after ADT. Together, results from two different in vitro PCa cell lines, two different in vivo PCa mouse models, and seven sets of human clinical PCa tissues all clearly demonstrated that ADT led to an increase in stem/progenitor cell numbers. Isolation of stem/progenitor and non-stem/progenitor cells from various PCa tissues and cell lines PCa tumors contain a heterogeneous mixture of multiple cell populations (Patrawala et al., 2007) . Using flow cytometric or magnetic separation methods, we were able to isolate stem/progenitor cells and non-stem/progenitor cells from various PCa tissues or cell lines using antibodies of stem cell markers, CD133 (Richardson et al., 2004; Vander Griend et al., 2008; Enguita-German et al., 2010) and a 2 b 1 -integrin (Patrawala et al., 2007) for human specimens and Sca-1 (Xin et al., 2005) and CD49f for mouse specimens. Figure 2Aa demonstrates the separation of stem/progenitor (1%-1.5%) and non-stem/progenitor cells (98%-99%) from a human PCa LNCaP cell line (an androgen-sensitive human PCa cell line representing PCa before the castration resistant stage) using flow cytometry. Figure 2Ab represents the morphology of the PCa stem/progenitor cells isolated. Various stem cell-related markers (listed in Supplementary Table S1 ) were then applied to validate that the isolated cells were PCa stem/progenitor cells of the basal epithelial origin (Figure 2Ac-e) . Interestingly, we found that the stem/progenitor cells (even at 1%) exhibited higher in vitro tumorigenicity than the remaining 99% non-stem/progenitor cells when tested by the soft agar colony formation assay ( Figure 2Af ). The LNCaP orthotopic xenograft mice studies further proved the higher in vivo tumorigenicity of CD133 + PCa stem/progenitor cells compared with the CD133 2 PCa non-stem/progenitor cells (Figure 2Ag) . Moreover, the PCa stem/progenitor cells were shown to have higher potentials of migration/invasion compared with the PCa non-stem/progenitor cells ( Figure 2Ah) .
A similar amount of PCa stem/progenitor cells (1%-1.5%) as in LNCaP cell lines were also isolated from other human PCa cell lines; C4-2, an androgen-insensitive cell line representing PCa castration resistant stage, and LAPC-4, an androgen-sensitive cell line representing PCa prior to castration resistance. The C4-2 stem/progenitor cells also exhibited higher tumorigenicity and higher migration/invasion potentials when compared with the non-stem/progenitor cells (all C4-2 and LAPC-4 cell line data are shown in Supplementary Figure S2A and B, respectively).
Using similar approaches, we were also able to isolate 1% PCa stem/progenitor and 99% PCa non-stem/progenitor cells from PCa tissues obtained from human PCa patients who received radical prostatectomy (Gleason score 6) and two different types of mouse PCa tissues, the spontaneous TRAMP mouse PCa (26 weeks, B6 background) and the orthotopic xenografts of prostate tumors (castration resistant tumor). The identification/confirmation of PCa stem/progenitor vs. non-stem/progenitor cells from these three types of PCa tissues using various markers are demonstrated in Figure 2B (a -c for TRAMP PCa, d for C4-2 xenograft PCa, and e and f for human PCa tissues).
One human PCa stem cell (PCSC) line from Celprogen (Kawasaki et al., 2009; Klarmann et al., 2009; Duhagon et al., 2010; Mathews et al., 2010) was also applied and their stem/progenitor characteristics were shown in Supplementary Figure S3 .
Together, results from Figure (Crocoll et al., 1998; van Leenders and Schalken, 2001; Heer et al., 2007; Miki et al., 2007; Isaacs, 2008; Rajasekhar et al., 2011) . When the isolated PCa stem/progenitor cells were grown in three-dimensional (3D) culture with Matrigel, which could maintain their stemness, the AR expression level was shown significantly lower ( Figure 2Ak and Supplementary Figure S3G) . Collectively, all these results indicate that the PCa stem/progenitor cells originally have very low AR expression when compared with those PCa non-stem/progenitor cells. AR plays opposite roles in PCa stem/progenitor and non-stem/ progenitor cells
To dissect the mechanism(s) by which the ADT leads to the suppression of non-stem/progenitor cell proliferation, yet the expansion of stem/progenitor cell population, we asked if differential AR expression in stem/progenitor vs. non-stem/progenitor cells might lead to different effects on their growth. We first used lentiviral infection with AR-siRNA to silence the remaining AR in LNCaP stem/progenitor cells and found the expansion of cells as shown by increased Ki67 staining (Figure 3Aa) . Similar results were also obtained when we applied a 3D sphere-forming assay on Matrigel ( Figure 3Ab ) and a colony formation assay (Figure 3Ac) . Importantly, these results were obtained in the presence of 1 nM dihydrotestosterone (DHT) (human prostate androgen concentration after ADT) and 10 nM DHT (human prostate concentration before ADT), since recent evidence indicated that there is no 'ligand-free AR or 0 nM androgen' condition existing in human prostate/PCa even at ADT with surgical/medical castration conditions (Titus et al., 2005a, b; Nishiyama et al., 2007) . In contrast, the lentiviral infection of LNCaP non-stem/progenitor cells with AR-cDNA led to opposite results with increased proliferating cell number (Figure 3Aa , and integrin and slightly positive for CK8, whereas the non-stem/progenitor cells were strongly positive for CK8 and AR (magnification, ×400; inset, DAPI staining). All experiments were done three times.
We then extended these in vitro studies into in vivo xenograft mouse PCa studies by inoculating LNCaP-CD133 + stem/ progenitor cells orthotopically into AP lobes of nude mice.
As shown in Figure 3Ae , the addition of AR in CD133 + stem/progenitor cells suppressed their tumorigenicity significantly. Together, results from four cell lines (LNCaP, C4-2, LAPC4, and PCSCs) with multiple growth assays all clearly demonstrated the opposite AR roles in PCa stem/progenitor vs. non-stem/progenitor cells. AR plays opposite roles in stem/progenitor vs. non-stem/ progenitor cells from human and mouse tumor tissues
We then asked if we could observe the similar opposite roles of AR in stem/progenitor vs. non-stem/progenitor cells isolated from mouse PCa tissues. The results showed that the addition of AR led to lower BrdU labeling in the stem/progenitor cells and higher BrdU labeling in the non-stem/progenitor cells isolated from either TRAMP PCa tissues (Figure 3Ba ) or C4-2-xenografted PCa tissues (Figure 3Bb ). Self-renewal 3D sphere formation assays also demonstrated that in the presence of 1 or 10 nM DHT, the addition of AR led to lower number of spheres in stem/progenitor cells isolated from the TRAMP PCa tissues (Figure 3Bc) or from the C4-2-xenografted PCa tissues compared with non-stem/progenitor cells (Figure 3Bb ).
More importantly, consistent results were obtained from stem/ progenitor and non-stem/progenitor cells isolated from human PCa tissues. The addition of AR led to lower Ki67 staining in the human PCa stem/progenitor cells, but higher Ki67 staining in the human PCa non-stem/progenitor cells ( Figure 3Ca ). The 3D sphere formation assay also demonstrated that the addition of AR led to a lower number of spheres in stem/progenitor cells isolated from human PCa tissues in the presence of 1 or 10 nM DHT compared with non-stem/progenitor cells (Figure 3Cb) .
Taken together, the results from Figure 3 suggest that AR could function differentially to affect the populations of stem/progenitor vs. non-stem/progenitor cells regardless of the origin of the PCa samples before or after ADT treatment. Targeting molecules that are responsible for PCa stem/progenitor cell population expansion
Results of Figures 1-3 concluded that ADT could lead to the suppression of PCa non-stem/progenitor cells, but result in an unwanted expansion of PCa stem/progenitor cells, which might explain why ADT is effective at the earlier stage, but eventually fails to cure PCa. We therefore hypothesize that a new combinational therapy that combines ADT to target PCa non-stem/progenitor cells and to target PCa stem/progenitor cells to battle PCa would be more effective.
We first screened many molecules/signaling pathways that could be modulated by targeting AR and have been suggested by earlier reports to play important roles to increase the PCa stem/progenitor cell population (Bisson and Prowse, 2009; Dubrovska et al., 2009; Lee et al., 2009; Enguita-German et al., 2010) . We found four such molecules/signaling pathways (activation of Akt and Wnt signaling and higher expressions of bcl-2 and c-myc) in the PCa stem/progenitor cells when compared with the PCa non-stem/progenitor cells isolated from LNCaP (Figure 4Aa ), C4-2 (Supplementary Figure S6A) , and PCSCs (Supplementary Figure S6D) . The activation/higher expression of Akt, bcl-2, Wnt-1, and c-myc were reversed when AR was added to the LNCaP stem/progenitor cells ( Figure 4Ab ) and C4-2 stem/progenitor cells (Supplementary Figure S6B) , indicating that the activation/high expression of these molecules could be interrupted via targeting AR or their inhibitors.
Another strategy to suppress PCa stem/progenitor cell expansion is targeting AR via the interruption of those AR downstream targets through the use of the g-tocotrienol (g-TT), since it was recently showed that g-TT suppressed PCa stem/progenitor cell population through the interruption of target molecules including bcl-2 (Luk et al., 2011) . In addition, g-TT has also been reported to inhibit PI3K/Akt signaling (Samant and Sylvester, 2006) . Therefore, it is possible that g-TT might be able to suppress PCa stem/progenitor cell population via inhibiting both PI3K/ Akt signaling and bcl-2 expression. As expected, we observed such inhibition effects of g-TT on stem/progenitor cell population of LNCaP ( Figure 4C ) and C4-2 ( Figure 4D ) with the inhibition of Akt signaling and bcl-2 expression in LNCaP stem/progenitor cells ( Figure 4E) , suggesting that the use of g-TT alone might have advantage over using the two different inhibitors of Akt and bcl-2 together. It has been reported that g-TT inhibits Akt signaling through the suppression of the ErbB2 mRNA level (Shin-Kang et al., 2011) . We found a higher mRNA level of ErbB2 (both subfamilies) in the stem/progenitor cells of LNCaP cell line compared with the non-stem/progenitor cells ( Figure 4F ) and this level was suppressed by g-TT treatment ( Figure 4G ). However, we failed to observe difference in other possible upstream molecules of Akt signal such as insulin-like growth factor 1 and focal adhesion kinase-1 (data not shown). These results suggest that the inhibitory effect of Akt signal upon g-TT treatment was through the suppressed expression of its upstream molecule, ErbB2.
The third strategy to suppress stem/progenitor cell population is to target AR directly via reversing the low expression of AR in stem/progenitor cells that has been demonstrated to play an important role to expand the PCa stem/progenitor cell population (Figures 1 and 2) . We found that the CpG islands in the promoter and exon 1 of AR gene in PCa stem/progenitor cells were highly methylated compared with the PCa non-stem/progenitor cells (Jing et al., manuscript submitted). Treatment of PCa stem/progenitor cells with the de-methylating agent, 5-aza-2 ′ -deoxycitidine (5-AZA), led to a significant suppression of stem/ progenitor cell growth ( Figure 4H ) via inducing AR expression ( Figure 4I ), but showed little effect on LNCaP non-stem/progenitor cells (Supplementary Figure S7) . Together, the results from Figure 4 and Supplementary Figures S7 and S8 suggest that we might be able to use g-TT or 5-AZA, with their distinct mechanisms, to suppress PCa stem/progenitor cell population to battle PCa. In vitro combination of g-TT and 5-AZA to suppress stem/ progenitor cell population
We found that the combinational use of g-TT and 5-AZA indeed led to a significant suppression of PCa stem/progenitor cell population of LNCaP and C4-2 cell lines ( Figure 5A and B) . The IC 50 values of each individual compound were significantly lowered at ,2.0 mM in combination vs. .5.0 mM when used individually (Supplementary Figure S7C) . Similar results were also obtained with the sphere formation ( Figure 5C ) and the colony formation ( Figure 5D ) assays. In contrast, the currently used anti-androgen, Casodex w , failed to reduce the number of spheres derived from LNCaP stem/progenitor cells ( Figure 5E ). To confirm these drugs' in vivo effects, we followed the similar animal system used to identify the newly developed antiandrogen, MDV3100 (Tran et al., 2009) . Castration resistant PCa was obtained by orthotopic inoculation of LNCaP cells into castrated mice allowing prostate tumors to re-grow. These mice were then placed into three groups (five mice/group, two injection sites/mouse), each being treated differently: Figure S7 ). The doses of each drug were based on previous mouse tumor studies (Thibault et al., 1998; Hu et al., 2000; McAnally et al., 2007; Comitato et al., 2009; Xing et al., 2009 ), but were lowered by 25%, since our in vitro data indicate that the IC 50 of each drug was lowered to that extent when used simultaneously. The final doses of the two drugs we used were: 0.25 mg/kg of 5-AZA and 6.25 mg/kg of g-TT, which showed little toxicity (data not shown). We found that the ASC-J9 w -treated mice (Group 2) showed significantly smaller prostate tumor sizes when compared with the Group 1 receiving classic ADT/castration with little serum androgen ( Figure 6A) , suggesting that the ASC-J9 w (that could suppress both androgen-mediated and non-androgen-mediated AR signals) has better efficacy than classic ADT/castration (only suppress androgen-mediated AR signals) to battle PCa. Importantly, we found that the combinational therapy group (Group 3) had the best efficacy for significantly decreased prostate tumor sizes compared with Groups 1 and 2.
The staining results of PCa tissues ( Figure 6B group 1. Importantly, we found that the combined therapy of ASC-J9 w and g-TT/5-AZA drugs to kill stem/progenitor cells led to dramatic decreases in CD133 + and AR + cells ( Figure 6B ), suggesting that the combinational therapy effectively eradicated both PCa non-stem/progenitor (luminal epithelial) and PCa stem/progenitor cells. We observed no significant change in CD133 + cells after short treatment times with ASC-J9 w ( Figure 6B ). It will be interesting to see if longer treatment times with ASC-J9 w alone could reach to the similar efficacy with the combination therapy with gTT/5-AZA.
We then studied the effect of the combinational therapy of ASC-J9
w combined with g-TT/5-AZA on the suppression of castration resistant PCa with a second mouse model with xenografted C4-2 cells. As shown in Figure 6C , castrated mice treated with the combinational therapy developed significantly smaller prostate tumors than those mice castrated only. PCa tissue staining shown in Figure 6D Figure 6D ) also supports the decrease in proliferating cells after the combinational therapy.
We thus tested the effect of the combinational therapy in a third mouse model with xenografted PCa C81 cells (another androgen-insensitive human PCa cell line representing the castration resistant stage; Igawa et al., 2002) , and obtained consistent results showing the orthotopically developed prostate tumors in castrated mice had a significant reduction in tumor sizes after receiving the combinational therapy ( Figure 6E ). Figure 6F shows significant decreases in Ki67 staining and expressions of AR and CD133 in the PCa tumors.
Taken together, the results from the in vivo studies using three different mouse models bearing castration resistant tumors of LNCaP, C4-2, or C81 cells all concluded that the combinational therapy with g-TT/5-AZA targeting PCa stem/progenitor cells and ASC-J9 w targeting PCa non-stem/progenitor cells led to the best efficacy for significantly suppressing PCa at the castration resistant stage. 
Discussion
Why does the current ADT (van der Kwast et al., 1991; Kageyama et al., 2007) using either surgical or medical castration to reduce/suppress androgens binding to AR in every cell fail to cure PCa? We believe that PCas are heterogeneous tumors containing various cell types and each cell type may have its distinct androgens/AR signals to either promote or suppress PCa progression (Niu et al., 2011) . Using multiple approaches to target different PCa samples, either from human or mice tissues, or various human cell lines, we proved that AR plays distinct roles in PCa stem/progenitor vs. non-stem/progenitor cells: a suppressor in PCa stem/progenitor cells vs. a stimulator in PCa non-stem/ progenitor cells, even when these two populations of cells originated from the same sources (Figure 3 and Supplementary  Figures S4 and S5) .
Compared with the currently used anti-androgen, Casodex w , two newly developed anti-androgens, orteronel (TAK-700), a nonsteroidal inhibitor of 17,20-lyse that functions effectively to further reduce prostate intra-androgen concentration (Kaku et al., 2011) , and MDV3100 (Tran et al., 2009) , a much more potent antiandrogen to prevent androgens binding to AR, showed better efficacy to suppress PCa for a much longer time frame before castration resistant PCa recurs. However, both of them also failed to suppress castration resistant PCa completely and tumors recur eventually. It is possible that these two new anti-androgens are similar to the currently used anti-androgens, such as Casodex, that failed to suppress stem/progenitor cell expansion.
Among four identified AR downstream signaling pathways (activation of Akt and Wnt signaling and higher expressions of bcl-2 and c-myc) in the PCa stem/progenitor cells, we found few available small molecules in clinical trials that could be used to target Wnt and c-myc effectively. For the Akt and bcl-2, we decided to use g-TT and not the currently available Akt inhibitors in our strategy with the following reasons: (i) g-TT could simultaneously target bcl-2 and Akt signaling, (ii) g-TT could overcome the problem of toxicity of the current available PI3K/Akt inhibitors, such as LY294002 (de la Pena et al., 2006; Markman et al., 2010) , and (iii) those current available Akt inhibitors, such as LY294002, might result in an unwanted problem of increasing some PCa cells invasion ability (Chang et al., manuscript in preparation), even though showing better efficacy to reduce PCa sizes (Hutchinson et al., 2004; Dillon et al., 2009) . We are aware of the debates about the effect of long-term supplement of a-Vit E to reduce PCa incidence, and even though g-TT and a-Vit E share some similar structure, these two compounds have totally different functions, with g-TT not a-Vit E, effectively inhibiting the growth of PCa stem/progenitor cells. Importantly, both g-TT and 5-AZA used in this new combinational therapy to battle PCa are FDA approved, are currently used in various clinical trials, and shall be ready to use in PCa clinical trials soon.
We also replaced Casodex w with ASC-J9
w . Earlier reports also demonstrated better efficacy when using ASC-J9 w in many other AR-related diseases, such as wound healing (Lai et al., 2009) , liver cancer (Ma et al., 2008) , and bladder cancer (Miyamoto al., 2007) . In our mice studies, we observed a dramatic reduction in prostate tumor sizes upon ASC-J9
w treatment in addition to the classic ADT/castration ( Figure 6B ) and the tissue staining results showed further decrease in AR positive cells, suggesting that the removal of androgen (either by castration or blocking androgen biosynthesis) might have its limitation (as shown in castrated mice that developed PCa). Therefore, using ASC-J9 w to target AR [to suppress those non-androgen-mediated AR signals, such as AR 3 variants and peptide growth factors (Kung and Evans, 2009) or cytokines (Lee et al., 2005 (Lee et al., , 2007 via other cellular pathways (Cabrespine et al., 2004; Hammacher et al., 2005; Desai et al., 2006; Ishiguro et al., 2009) ] is better than the currently used surgical or medical castration that only targets androgen-mediated AR signals.
In summary, these studies not only provide the first direct in vivo clinical evidence demonstrating ADT will increase PCa stem/progenitor cells using the same PCa patient samples before and after ADT treatment, the data from multiple in vitro cell lines and three in vivo mouse models also proved that simultaneously targeting both PCa stem/progenitor and PCa non-stem/progenitor cells represents a novel combinational therapy to battle PCa before and after the castration resistant stages.
Materials and methods
Cell culture and growth assay
The isolated stem/progenitor cells of human PCa cell lines were grown in Celprogen PCSC media supplemented with growth supplement and the isolated stem/progenitor cells of mice tissues were grown in epithelial basal medium (PrEBM, Lonza) supplemented with growth supplement. Various concentrations of DHT (1 or 10 nM) were added in experiments. For the MTT assay, cells were incubated in 12-or 24-well culture plates (10 5 -10 3 cells/well). At 2, 4, and 6 days, 0.5 mg/ml of MTT (Sigma) was added. After 2 h reaction, absorbance at 570 nm was measured. For the soft agar colony formation assay, a mixture of cell suspension (1 × 10 4 cells/well in 6-well culture plates, in 2 ml of 2× medium) and 1.5% agarose was overlaid onto the solidified mixture of agarose base (final agarose concentration was 0.75%). Two milliliters of normal media containing various concentrations of DHT was added on the top of the solidified agarose cell layer. All conditions were performed in triplicate. The plates were incubated at 378C in a humidified incubator for 21 days. The colonies were stained with 1% crystal violet and those larger than 1 mm in diameter were counted. Isolation of stem/progenitor cells from tumor tissues of mice and human patients The protocol was followed according to the methods described previously (Vander Griend et al., 2008) . Briefly, tumor tissues were obtained from xenografted mice, cut into pieces, digested overnight at 378C with collagenase (0.28% collagenase I, Sigma), DNase I (Sigma), 10% fetal calf serum (FBS), and 1× antibiotic/anti-mycotic (Invitrogen) in RPMI 1640. The digested solution was further treated with trypsin/ethylenediaminetetraacetic acid (EDTA) (0.25%) for 30 min at 378C. Cells were subsequently passed through a cell strainer, and stem/progenitor cells were isolated by either flow cytometric separation or magnetic sorting separation. For human tissues, primary prostate cells were isolated from patients undergoing radical prostatectomy at University of Rochester Medical Center according to an Institutional Review Board-approved protocol. Similar isolation methods were used for obtaining single-cell suspension. For culturing the isolated prostate cells from mice and human tissues, PrEBM growth medium (Lonza) was used as described earlier.
Flow cytometric separation and magnetic bead isolation of stem/progenitor cells For the flow cytometric separation of stem/progenitor cells, 2 × 10 7 cells were detached with 5 mM EDTA and stained with antibodies of integrin and CD133 (for human PCa cells) and integrin and sca-1 (for mouse tissues). Cells were sorted by a BD FACS Diva cell sorter (Becton Dickinson Immunocytometry Systems) into double-positive or double-negative cell populations. For the separation using magnetic beads, cells were incubated with magnetic beads (Invitrogen) that have been conjugated with biotinylated antibodies. The positively stained cells were separated by placing tubes in the magnetic field. The unbound cells were used as non-stem/progenitor cells after washing and the bound population cells were used as stem/progenitor cells.
Infection of cells
For the infection of lentivirus, 293T cells were transfected with a mixture of DNAs consisting of lentiviral vectors (pWPI, Addgene) containing AR (vectors only were used as control), psPAX2 packaging plasmid, and pMD2G envelope plasmid, at a 4:3:2 ratio using Lipofectamine (Invitrogen). After infection, media containing the virus was replaced with the normal culture medium. Since the pWPI vector contains green fluorescent protein (GFP), transfection efficiency was monitored by detecting GFP fluorescence.
Ki67 staining
Tissue slides were incubated with anti-Ki67 (NCL-Ki67p, 1:1000) in 3% bovine serum albumin (BSA) in PBS overnight at 48C and then incubated with 1:200 diluted biotinylated secondary antibody and ABC solution (Vector Laboratories), followed by Mayor's hematoxylin counterstaining.
Sphere formation assay
The sphere formation assay was performed as described earlier . Briefly, single-cell suspensions (1 × 10 3 , in 60 ml medium) were mixed with cold 60-ml Matrigel (BD, Franklin Lakes) and the mixture was placed along the rim of the 24-well plates with a minimum of three triplicate experiments. The culture plates were placed in 378C incubator for 10 min to let the mixture solidify and 500 ml medium was then added into the well. Sphere numbers were counted after 7-14 days under Olympus light microscope and size differences were also examined.
Migration and invasion assay
Cells (1 × 10 5 ) were added in upper well of Transwell plates (8 mm, Corning/Fisher Scientific). The medium [600 ml of 10% charcoal/dextran stripped-FBS (CS-FBS)] containing 1 or 10 nM DHT was added in the lower compartment to act as an attractant. After 24 h incubation, cells that were not migrated were removed from the upper face of the membranes with cotton swabs. Then the filters were fixed in methanol for 10 min at 48C, stained with 1% Toluidine blue (Bio-Rad) for 5 min at room temperature, and then washed carefully in dH 2 O. After air drying, the membranes were observed under light microscope. The average number of cells per field of view (five random fields per membrane) was counted at ×20 magnification. For the invasion assay, before the cells were plated into the upper Transwell, 50 ml Matrigel was added onto the membrane, and then incubated for 48 h, then continue as in migration assays.
Immunofluorescence staining of cells
Cells were seeded on the four-well chamber slides and fixed with iced methanol. After fixation, cells were washed with PBS three times for 5 min and then cells were blocked with 5% BSA for 1 h. Cells were washed with PBS three times and then incubated with primary antibodies in 5% BSA in PBS overnight at 48C. Antibodies used were: anti-AR (Santa Cruz, N20 1:250), anti-CK5 (Covance, 1:250), anti-CK8 (Abcam, 1:250), and anti-sca-1 (eBioscience, 1:250). Cells were then incubated with 1:200 diluted biotinylated secondary antibodies (Vector Laboratories) and with fluorescent secondary antibodies for immunofluorescence (IF; either Alexa 594 or Alexa 488 tagged).
Colony formation assay
LNCaP stem/progenitor cells were resuspended in 0.4% Bactoagar (BD, Franklin Labs), layered on the top of 1 ml of 0.8% agarose in six-well culture plates, and incubated with 1 ml of RPMI complete medium. After 3 weeks, the colonies were visualized by staining with 0.5% crystal violet. The experiment was analyzed in triplicate, and colonies larger than 100 mm in diameter were counted.
Development of a xenograft mouse model
To generate the xenograft mice model, LNCaP and C4-2 cells (1 × 10 5 cells/site, in 20 ml of medium mixed with 1:1 Matrigel) were inoculated orthotopically into anterior prostates lobes of 8-week-old male athymic nude mice. Surgical castration was performed when tumors become palpable. Tumors of non-castrated mice were used as a control. Mice were sacrificed at 10, 20, and 30 days and the tumor tissues were stained using antibodies of CD133, integrin, CK8, and CK5. TRAMP mice (B6 background) were bred and all mice experiments were under protocols approved by the Institutional Animal Care and Use Committee (IACUC) of the University of Rochester Medical Center. For developing xenograft mice for drug study, LNCaP cells were injected first and mice castrated when tumor developed, whereas C4-2 and C81 cells were injected into castrated mice. For the injection of inhibitor molecules, two combinations or three combinations were i.p. injected into five groups of mice every other day for 2 weeks: Group 1, vehicle control; Group 2, castration + 75 mg/kg ASC-J9 w (dissolved in dimethylacetamide/cremophor EL); Group 3, castration + 50 mg/ kg ASC-J9 w + 6.25 mg/kg g-TT [dissolved in dimethylsulfoxide (DMSO)] and 0.25 mg/kg 5-AZA (DMSO); and Group 4, castration + 50 mg/kg ASC-J9 w + 6.25 mg/kg g-TT and 0.25 mg/kg 5-AZA + 25 mg/kg LY294002.
Statistical analysis
Values were expressed as the mean + standard deviation. The Student's t-test was used to calculate P-values. P-values were two-sided and considered statistically significant when *P , 0.05, **P , 0.01, and ***P , 0.001.
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